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PEMODELAN DAN SIMULASI HARMONIK DALAM JARINGAN
TENAGA LISTRIK SEBELUM DAN SETELAH PEMASANGAN KAPASITOR

Modeling And Simulation of Harmonic on Power
System Network Before and After Installing of Capacitor

Sabar Nababan1', Abdul Natsir2", Supriyatna31

ABSTRAK

Distorsi bentuk gelombang sinusoidal tegangan dan arus listrik oleh harmonik, yang disebabkan
beban taklinear, merupakan satu masalah utama kualitas daya dalam industri daya listrik.
Banyak kerugian yang ditimbulkan oleh distorsi harmonik. Penelitian ini bertujuan untuk
menentukan tegangan harmonik di masing-masing bus; sebagai akibat pemakaian beban
taklinear pada suatu jaringan distribusi tenaga listrik. Penelitian ini akan menggunakan software
Matlab dalam m-file.

Kata kunci: pemodelan, distorsi harmonik, beban taklinear, jaringan distribusi.

ABSTRACK

Distortion of waveform of voltage and current harmonics, caused by nonlinear loads, is one of
main problem in power quality in industrial power system. There are many effects caused by
power system harmonics. Aims of this research are to obtain voltage harmonics and frequency
scan in every bus, as a effect by using of nonlinear loads, before and after Installing of

capacitor. This research will use software Matlab in m-file.

Keywords: Modeling, distorsi harmonik, nonlinear load,distribution network.

INTRODUCTION

Quality of electric power in power
system can be classified in two categories,
there are quality in transient and steady state
condition. Quality in transient situation is
observed according to the duration of
disturbance and it can be categorized in three
group. The first is the fast transient such as
switching-surge, spike (0.5 to 200
microsecond with frequency 0.2 kHz to 5kHz),
pulse, and notch. The second is over voltage
which more than 110% of nominal voltage, or
under voltage which it is below of 80% — 85%
of nominal voltage, that occurs continuously in
80 millisecond to one second. These
disturbance usually called as voltage dip such
as voltage sag, depression, interruption,
flicker, and fluctuation. The third is blackout or
outage.

Quality in steady state condition has
continue property such as variation of voltage,
variation of frequency, phase unbalance and
harmonics (Wardhani, April 1996).

Numerical analysis and simulations of
harmonics are used to quantify the distortion
in voltage and current waveforms on a power
system distribution network in order to
determine the existence and mitigation of
resonant conditions.

Ribeiro, and Arillaga, et all, proposed the
models of power system devices for
calculating the harmonics propagation caused
by a nonlinear loads (Ribeiro, P.F and
Arillaga, with out year).

Stavros, et all, shown the harmonics
power flow caused by wind turbine. They use
different devices models with Ribeiro’s [10].
This work combine the both models.

This paper presents propagation of
harmonics voltage, harmonics current and
VTHD (voltage THD) caused by an ASD
installed on Bus-9 in a 13 buses balance
industrial IEEE Test system. Result of this
research compared with IEEE Standard 519-
1992 and the ETAP Powerstation.

The results were obtained from power
system analysis formulas that built in m-file of
Matlab, but the fundamental load flow study
was done in ETAP Powerstation (Abu-hashim,
et all, 1999).

Harmonics. Harmonics, in power system
engineering, can be defined as a sinusoidal
component of a periodic signals (complex
waveform) have an integer multiplication of
the fundamental power line frequency. One
commonly used as index in harmonics
problem is total harmonics distortion (THD).
THD is affected by effective value of all its
components as can be formulated as:
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where X; is root mean square or effective

value of the sinusoidal component. X; can be

as a voltage (VTHD) or current (ITHD).

Generally harmonics in power system
caused by non-linear loads used solid state
equipment devices, and magnetic circuits. For
example electronic ballast lamp, computers
(power supplies), PC, mainframe, servers,
monitors, video displays, Copiers, scanners,
facsimile machines, printers, plotters, lighting
controls, dimmers, Electronic ballast, UPS
systems, battery chargers, storage systems,
etc (Sankaran, Wagner, http://ecmweb.com/
mag/electric_effects_harmonics_power_2/,
www.stacoenergy.com).

According to characteristics of solid
state power conversion equipment, the
harmonics currents will be injected into power
system. The harmonics current, through
harmonics impedance, will affects the
sinusoidal form of fundamental waveform.
This condition will disturb the equipments
installed on the system that designed to be
operated on sinusoidal waveform. This causes
additional heating on equipments and failure
of isolation either reduce the lifetime of
equipments (Sankaran, et all, Wagner et all,
http://ecmweb.com/mag/
electric_effects harmonics power 2/,
www.stacoenergy.com).

The other effects of harmonics are
(Sankaran, Wagner, http://ecmweb.com/mag/
electric_effects harmonics power 2/,
www.stacoenergy.com):

e reduction of measurement accurateness
of induction kWh-meter,

e losses on electrical machine will be
increased and malfunction on electronics
equipments, computer systems, and
control system,

¢ induction motor will cogging experienced,

e protection devices will failure in operation,

e overheating of neutral conductors, bus
bar, lug connections, mercury vapor and
fluorescent lighting (electronic ballast),
motor control and switchgear, which may
affect current interrupting capabilities,

e circuit breaker nuisance tripping, improper
function of on-board breaker electronics,
excessive arcing, improper fuse operation
or nuisance blown fuse interruption
(artificial heating, or “skin effect”),

e AC motor torque pulsation, voltage sags,
notching; DC adjustable, speed drives
creating high inrush currents,

e overheating in transformers and cable
systems, insulation (dielectric) breakdown,

e power factor capacitors becoming
overloaded, blown fuse, case swelling,
insulation failure from excessive peak
voltages, overheating due to high RMS
currents,

o effective use of power factor capacitors
minimized, increasing costs, potential for
resonance conditions,

e meter, protective relaying, control and
other communication and measurement-
instrumentation devices (including ground

fault detection and digital displays)
malfunctioning or providing a faulty
reading, missoperation of electronic

components and other equipment,

e communications (telephone, data, video)
susceptible to noise, interference in motor
controls, control systems, signal distortion.

Harmonics Limitation. Harmonics voltage
distortion has been regulated on IEEE 519-
1992 as follows.

Table 1 IEEE Standard 519-1992 for Voltage
Distortion Limits (IEEE Standard 519-1992)

Bus Voltage at PCC Individual Voltage VTHD
Distortion (%) (%)
< 69 kV 3.0 5.0
69.0001 kV - 161 kV 1.5 2.5
> 161.001 kV 1.0 1.5
Harmonics Propagation. Harmonics

propagation at frequency f,, =h.f; is based
on the solution of the set of linear equations:
[Ih] =[Yh][\/h] ........................................ (2)

where [Il,] is the vector of the nodal

harmonics current injections of each bus, [V]
the vector of the resulting harmonics voltages
and [Y,] the network admittance matrix at
frequency f,,.

In practice of standard power system
analysis, the admittance matrix of the network
[Y,] is formulated by using the characteristic
equations of all network elements such as

lines, transformers rotating machines etc, as
will be discussed on the next sub-part.

[Z,,] can be obtained by inverting the [Y},].

It is important to seek the harmonics self
impedance of the respective buses, i.e. the

diagonal elements of [Z], thatis [Z;;;]. The
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non-diagonal elements Z,; are transfer

impedances, related to the effect on the
voltage of bus i when a harmonics current is
injected at bus j. Frequency scan can be

calculated from [Z,] for varying frequencies

f,=h.f, which reveals possible harmonic

resonance conditions of self or transfer
impedances.

Modeling of Distribution System and its
component. For correctly assessing the
magnitude of harmonics in power system, it is
important to model all of system component.

Load Model. There are three alternative load
models for harmonics analysis. Where in all
cases, R; and X; are the fundamental
frequency resistance and reactance, related to
the nominal power of the load, where h is
harmonics order (Stavros A. Papathanassiou
& Michael P. Papadopoulos).

A B C
R/
jhXy

Ry Xy
09+0.1h 09+0.1h

Rwh
JhXg

Figure 1. Alternative harmonic models considered
for the system load (Stavros A. Papathanassiou &
Michael P. Papadopoulos).

Transformer Model. According to the
reference in (Ribeiro, S. J. Ranade, et all) it is
not important to include capacitance of the
transformer. It is caused by that the
capacitance of transformer will affect the
system on harmonics frequency on 10 kHz.
Whereas in practically, the order of harmonics
in power system is usually about 100 only.
Transformer impedance is equivalent with the
leakage reactance that linearly with the
frequency (Ribeiro, Arillaga, R.C. Dugan, S. J.
Ranade and W. Xu).

The equations (3) to (7) can be used to
calculate harmonics impedance of
transformer.

L —

Figure 2. Transformer model [9].

ZT = RT + XT .................................. (3)
RS = RT ................................... (4)
X p = hXT .................................. (5)
Rp=80Rr oo (6)
h®XZR hX; R2
Z =R+ P P .. (D)
mhes =R RZ+h?XZ ~ RE+h?X2

Distribution Line Model. Distribution line is
represented in equivalent circuit exact pi.
Correction factor for skin effect applied by
replaced the value of line resistance with:
(Arillaga, 1985)

2
R:F{u 0.646h J

192+ 0.518h?

Non-linear Loads. Generally, the harmonic in
power system analysis is caused by nonlinear
loads, such as fluorescent lamp, solid state
power conversion equipment like ASD. The
terms “linear” and “non-linear” define the
relationship of current to the voltage
waveform. A linear relationship exists between
the voltage and current, which is typical of an
across-the-line load. A non-linear load has a
discontinuous current relationship that does
not correspond to the applied voltage
waveform (Product Data Bulletin). (Arillaga,
1985)
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Figure 3 Typical Six-Pulse Front End
Converter for AC Drive
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Table 2. Current Harmonic Source Data (Product
Data Bulletin).

Harmonic # % Relative
Angle
1 100.00 0.00
5 18.24 -55.68
7 11.90 -84.11
11 5.73 -143.56
13 4.01 -175.58
17 1.93 111.39
19 1.39 68.30
23 0.94 -24.61
25 0.86 -67.64
29 0.71 -145.46
31 0.62 176.83
35 0.44 97.40
37 0.38 54.36

One example of nonlinear loads is ASD.
The characteristics of harmonics on it are
based on the number of rectifiers (pulse
number) used in a circuit and can be
determined by the following equation:

h = (n X p) + 1
C)

where: n =an integer (1, 2, 3,4,5...)
p = number of pulses or rectifiers
For example, using a 6 pulse rectifier, the
characteristic harmonics will be:
h=(1x6)*1 = 5th & 7th harmonics
h=(2x6)+1 = 11th & 13th harmonics
h=(3x6)+1 = 17th & 19th harmonics
h=(4x6)x1 = 23rd & 25th harmonics
(Product Data Bulletin).

Spectrum of harmonics current caused by
six pulse ASD is described on Figure 4, where
its ITHD is 23.06%.

6
4
2
o II.III--

5 7 1 13 17 19 23 25 29 31 35 37
Harmonic order

Figure 4. Spectrum of harmonic current caused by
6- Pulse ASD (Product Data Bulletin).

Signal of harmonics current caused by six
pulse ASD is plotted on Figure 5.

Admittance matrices of system [2,3] can
be formed as

Ywa) %a?2 .. %113

%“We) %22 .. %113

Y, = ... (10)

%A3) %13) .. ()

Impedance matrices of Equation (10) is
(Grainger, J.J., dan Stevenson W.D.,
1994,and Gungor, B.,R., 1988)

Figure 5. Waveform of harmonics current caused
by 6- Pulse ASD

Furthermore, circuit on Figure 6 can be
used to calculate the harmonics voltage,
harmonics currents, VTHD, and ITHD in every
bus. Formula for voltage harmonics
calculation is as follows.

Vhus—h = XZp (N,9) Xl pys_h
(12)

h*Z,(n,9)

Bus-n

Figure 6. Cijrcuit for calmjating thg harmonics
voltage, harmonics currents, VTHD, and ITHD
(Sankaran, P.E., 1995}.

STUDY CASE

UTIL
69 kv

20.000KVA  ~mmm
Y-g
IND 1
13,8kV

PFC1 _|_
10.000 kW,
0,85 lag

Line

IND 2

PFC2 J_ J
—l_ ASD

3.000 kW,
09 lag

5.000 kW,
0,85 lag

Figure 9. One line diagram of system will be
researched (Constantine Hatziadoniu)
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Data system adalah sebagai berikut (Constantine Hatziadoniu):

1. Utility: 69 kV, infinite bus.

2. Transformer: 69kV/13.8kV-Y-g, 20,000 kVA,
R=0.5%, X=8%.

3. Line: Short distribution line

3-phase with ground wire:
Total positive sequence R=0.02,
Total positive sequence reactance X= 0.06.

4. Load on IND1: 10,000 kw, 0.85 lag pf.

of this load, 60% is motive.
5. Load on IND2: 3,000 kW, 0.9 lag pf.

Largely residential and commercial.
6. Converter on IND2: 3-phase line commutated rectifier.

5,000 kw, 0.85 lag pf.
The ASD produces the full
spectrum of its characteristic orders
at their normal amplitude and phase.
Non-characteristic harmonic orders
are not produced.
7. Power factor correction

capacitors at IND1 and IND2: Provide full compensation of the bus loads.
UTIL
69 kV
> 0,0025
Transformator
3,28 j0,04h
IND 1
1 2,117 0,021 13,8 kv
PFC1 —— jo,62h
j0,9h j0,167h
= Bagian Bagian

0,0011 % Resistif yg Bergerak

j0,0032h5
IND 2
2,7
PFC2 ——j0,455h lasd
i1,307h
| — Beban Konverter

Resistif (ASD)

Figure 10. Impedance diagram of system
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Harmonic Voltage at Bus-2 and Bus-3 Before Installation of Capacitor
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Figure 11

Harmonic Voltage at Bus-2 and Bus-3 after Installation of Capacitor
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Figure 13. Impedance scan at Bus IND1 dan IND2

Harmonic Impedance after Installation of Capacitor 711,712
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OrdeHarmonik

Figure 14

Harmonics Impedans Before Installation of Capacitor 711,212
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CONCLUSIONS

5. CONCLUSIONS

After we saw all the figure, we may

conclude that:

1. Voltage harmonics before and after
installation of capacitor at every bus
are same. This means that there are
no effect of capacitor installation on
the power line.

2. Impedance scan shows that higher
impedance harmonics occurred on

harmonics order 5" and 35"
Impedance scan at each bus before
capacitor installed not make
reference.

3. The using of different model will make
result in different harmonics.
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